. As a consequence, diversity of hair cell types in amniotes has generally been considered to be a structurally and functionally advanced characteristic in the evolution of the vertebrate ear.
Although there have been some reports of morphological and structural diversity of hair cells in the ear of anamniotes (Hama, 1969; Corwin, 1977; Popper and Hoxter, 1981; Wegner, 1982; Jensen, 1984) , there was no clear evidence of a possible homology between the anamniote and amniote hair cell types until the recent discovery of two distinct types of sensory hair ceils in the ear of the teleost fish, Astronotus ocetlatus, the oscar (Saidel et al., 1990a, b; Yah et al., 1991; Chang et _., 1992) . The two types of hair cell in the oscar ear, one in the striolar region and the other in the extrastriolar region of the utricle and the lagena, may be similar to amniote type I and type II hair cells, respectively. Thus, heterogeneity of sensory hair cells may not be an advanced amniote trait, as previously proposed.
In fact, hair cell diversity may extend much earlier in the evolution of the vertebrate ear than the origin of amniotes.
It is still not known, however, when such diversity first occurred in the evolution of vertebrate mechanosensory systems.
The mechanosensory organs of vertebrates consist of the lateral line neuromasts and the inner ear. The neuromasts are only found in aquatic anamniotes, whereas the inner ear occurs in all the vertebrates. Ontogenetically, the sensory epithelium of both organs are closely related because the lateral line placodes differentiate from the primary otic placode (Platt, 1896; Landacre and Conger, 1913; Northcutt, 1989) . The sensory epithelia in both organs contain sensory hair ceils and supporting cells for detecting motion of surrounding water or fluid. Because of these similarities, the lateral line and the inner ear are collectively referred to as the octavolateralis system (Northcutt, 1980; McCormick, 1982; Popper et al., 1992 
Results

Normal organization
The mechanosensory lateral line receptors in the oscar, as in most fishes, consist of canal and superficial neuromasts that are distributed over the surface of the head and the body in a species-specific pattern ( Fig. 1) . The morphological differences between the canal (or superficial) neuromasts on the head and the body are minimal. The trunk of the oscar has a dorsorostral and a mediocaudal lateral line. Each of the trunk scales in the lateral line has a single canal neuromast that is covered by a bony canal with an opening on either end of the scale. Only a few trunk canal neuromasts in each fish are not covered by bony canals (Fig. 1A ). There are two or three superficial neuromasts found dorsally to each canal neuromast on the trunk of fish in the size range of our experimental groups (42-58 mm TL). Although the canal and the superficial neuromasts in the oscar share the same basic organization, they also differ in several ways. In our experimental fish, the canal neuromasts are larger and possess over 120 hair cells, whereas the superficial neuromasts are smaller and each has about 40 hair cells ( Fig. 2A,C) . The density of hair cells and the length of their kinocilia are greater in superficial neuromasts than in canal neuromasts (compare Fig. 2B,D) .
Gentamicin exposure
After 4 days of gentamicin exposure, superficial neuromasts in experimental animals did not show a loss of the dliary bundles (Fig. 2C,D) . However, canal neuromasts, both covered and not covered by scales, had a substantial loss of ciliary bundles with as little as 1 day of exposure (Fig. 3A,B) . Control animals had no loss of ciliary bundles in either canal ( Fig. 2A) In contrast, there were far more ciliary bundles present in the canal neuromasts of the animals that had 4 days of gentamicin exposure followed by 4 days (Fig. 4) (Fig. 2C,D) .
Discussion
The 
Types of hair cells in the lateral line
.::cThepattem of destruction of ciliary bundles of the canal neuromast by gentamicin sulfate observed in this study is J. Song et al. // Hearing Research 91 (1995) (Fig. 2C-D vs. Fig. 4) . It has been known that immature hair ceils are less susceptible to aminoglycoside toxicity than are mature hair cells (Richardson and Russell, 1991) . Our new observation of the differences in ultrastructure, innervation, and postembryonic growth pattern between the hair cells in the two classes of neuromasts, however, suggests that it is not likely the case (Song et al., 1995) • Although further study of the gentamicine susceptibility Fig. 4 . SEMs of canal neuromasts after 8 (A) and 12 days (B) in gentamicin sulfate. C: Higher magnification view of (B). D: Canal neuromast after 4 days in gentamicin sulfate followed by 4 days of recovery in water with no drug (total 8 days). Low (E) and high (F) magnification view of a canal neuromast after 4 days in gentamicin sulfate and 8 days recovery (total 12 days)• Long arrow points to a kinocilium. Short arrow head points to a set of stereocilia. examine the hmr cells w,th transmtssmn electron m_-Croscop_¢ in this study, we do not have histological eviCdeh_'e-that there was actual hair cell destruction and regen-"giat"i6_n?Our SEM examination of gentamicin-treated neuromas_ts,_ however, indicated that the damaged hair cells in _tiae"'c*a]a'al iieuromasts appear to be replaced by supporting cells before the new ciliary bundles arise (Fig. 4) . This
•suggests to us that the hair ceils were completely destroyed _d:th'at new ciliary bundles must arise from new hair Cells. ,To test this hypothesis, it will be necessary to .that inhibition of aminoglycoside uptake may be responsible'-for the drug resistance in the regenerated hair cells (Hashino et al., 1995) . How this hypothesis might apply to our results, however, is not clear. In particular, we do not know if hair cell uptake of kanamycin and gentamicin is by similar mechanisms.
In addition, the ototoxic drugs were administered to the hair cells by different methods (intramuscular in chicks and by immersion in fish), and this may affect the way that hair cells respond to the drugs.
Even though the suggestion of Hashino et al. (1994) (Fig. 2C,D) . The presence of longm kinocilia has been reported in regenerated hair cells in th_ inner ear of fishes and amphibians (Corwin, 1985; Baird e_ al., 1993; Lombarte et al., 1993 
Conclusions
Although further ontogenetic and phylogenetic studie to test the homology of hair cell types of the lateral lin receptors to the mammalian inner ear are necessary, the results of this study and new observations of the ultrastructural differences between the hair ceils in the canal versus superficial neuromasts (Song et al., 1995) we do expect this is the case because behavioral studies have indicated that increasing doses of both neomycin and streptomycin produce increasing loss of an animal's ability to localize a wave source (the lateral line reaction) (Kaus, 1987 (Kaus, , 1992 Blaxter and Fuiman, 1990 Authors may, however, specifically request a larger reproduction. Particular requests should be typed on the relevant figure tegend page. Micrographs will usually not be reduced unless the reduction involved is small or the height of the figure necessitates reduction. Figure legends should be typed, with double spacing, on a separate sheet.
